ABSTRACT
INTRODUCTION
The reduction of crude protein (CP) in sorghumsoybean meal diets, up to 4.0%, properly supplemented with crystalline amino acids (AA), does not adversely affect weight gain or feed efficiency of pigs; in addition, it helps to reduce nitrogen (N) excretion in feces and urine (Canh et al. 1998; Kerr et al. 2003; Shriver et al. 2003) . It also reduces the energy expenditure associated with the excretion of excess of dietary CP as urea and lowers the metabolic heat production when higher levels of CP are fed. However, this energy is then available for the synthesis of lipids (Le , leading to an increased accumulation of fat in the carcass of pigs fed lowprotein diets (LPD) (Knowles et al. 1998 ). This is a negative factor because the consumer demands leaner pork and better marbling for human consumption. The addition of conjugated linoleic acid (CLA) to the diet can help to reduce the fatness in pig carcass. CLA is formed by a group of positional and geometric isomers of linoleic acid, an essential fatty acid of the omega-6 family (Jensen 2002) . Studies in rodents have shown that CLA reduces fat deposition and increases the synthesis of lean tissue (Park et al. 1997; . There may be several mechanisms involved in this, although the more accepted are that CLA increases the energy expenditure, regulates the adipocyte metabolism, regulates adipokines and cytokines, increases the β-oxidation in skeletal muscle (Park and Pariza 2007) and decreases the catabolic effect of immune function in muscle (Pariza et al. 2000) . In pigs, it was observed that the incorporation of CLA in the diet improved the growth performance and carcass characteristics (Thiel-Cooper et al. 2001; Wiegand et al. 2001; Su et al. 2006) , and modified the type and concentration of other fatty acids, which could improve the processing of meat (King et al. 2004 ). In addition, it increased the concentration of CLA in the meat (Wiegand et al. 2002; Lauridsen et al. 2005; Schmid et al. 2006) , which might have benefits for human nutrition and health through preventive and therapeutic properties in the diseases such as cancer, chronic inflammation, atherosclerosis, obesity and antioxidant function (Roche et al. 2001) . The objective of this study was to evaluate the effect of CLA addition replacing soybean oil, to low-protein, sorghum-soybean meal diets fed to the fattening pigs on the growth performance, carcass characteristics, plasma urea nitrogen concentration, and fatty acid profile and concentration in the meat of longissimus and semimembranosus muscles.
MATERIALS AND METHODS

Pigs and experimental design
Thirty six hybrid (Yorkshire×Landrace×Duroc) barrows with 17.3±2.0 kg of body weight were used. These were distributed in a completely randomized design with factorial (2×3) arrangement at two levels of CLA and three levels of CP, with six replicates per treatment during 21, 28, and 35 days in nursery, growing, and finishing phases, respectively.
Diets and general management of pigs
The diets were based on sorghum-soybean meal and were formulated based on true digestible amino acids (NRC 1998) to meet or exceed the nutritional requirement for each stage of the growth of pigs ( Table 1 ). The CP concentrations evaluated for each phase (nursery: 20.5, 16.0, and 14.5%; growing: 16.0, 14.5, and 11.5%; finishing: 14.0, 12.5, and 11.0%) were as follows: control level (standard diet; first concentration); the second level (low-protein) corresponded to the CP content in the diet where growth performance was similar to that obtained with the standard CP level, and the third level was the CP concentration with the lowest plasma urea nitrogen concentration in the nursery (Trujillo-Coutiño et al. 2007 ), growing (Martínez-Aispuro et al. 2009 ), and finishing (Figueroa et al. 2008) pigs. Dietary supplementation of the CLA was 0 or 1.0%, replacing soybean oil in the diet (Table 2 ). The barrows were individually housed in 1.2×1.5 m pens with concrete floor, equipped with a single feeder and a nipple drinker. Feed and water were provided ad libitum.
Data recording, sampling and laboratory analysis
The change of body weight to determine average daily gain (ADG), as well as feed disappearance to estimate the average daily feed intake (ADFI) and feed: gain ratio (FGR) were registered on the first and last day of each stage. Blood samples were collected on the first and last day of each stage using vacutainer heparinized tubes (BD Vacutainer Systems, NJ, USA). The blood was centrifuged at 1286 g during 15 min and the supernatant was transferred to polypropylene tubes and stored at -20°C (EUR251P7W Tappan, Electrolux Home Products North America, USA) until laboratory determination of plasma urea nitrogen concentration (PUN; Chaney and Marbach 1962) . On the first and last day of each stage the backfat thickness (BT) and longissimus muscle area (LMA) were also measured using a real time ultrasound Sonovet 600 with a 3.5 MHz transducer (Medison, Inc., Cypress, California, USA). These data together with the initial and final weights were used to determine the fat free lean gain (FFLG) and the lean meat percentage (LMP) using the NPPC (1991) equation. Crude protein (CP) was determined in feed samples (AOAC 1990) . Pigs were slaughtered in a commercial abattoir. Animals were stunned in a V-type restraining conveyor using a high-voltage electric apparatus. Pigs were bled in a lying position, and generally were stuck within 5 s after stunning. Afterward, they were eviscerated and scaled, preserving the carcass from the skin, head and limbs. Later, carcasses were transported to a cutting room. Meat samples from semimembranosus (SM) and longissimus (LM) muscles were collected from the warm carcasses of pigs. There was a fasting period 12 h before the slaughter. There was no opportunity of measuring the carcass characteristics at this place because it was no allowed. Meat samples were macerated with a food processor and frozen at -20°C (EUR251P7W Tappan, Electrolux Home Products North America, USA) until the determination of total concentration of fatty acids (saturated, unsaturated, polyunsaturated, and CLA isomers) in muscle tissues, dietary oil and CLA sources. Samples were processed according to the methods described by Folch for total lipid analysis (Folch et al. 1957) . Methyl esters of meat fatty acids were obtained and saponification was performed using boron trifluoride. Fatty acids were quantified by gas chromatography using a DB-23 column (JW 122-2332 of 30 m × 0.25 mm internal diameter) on a Varian 3400 CX gas-liquid chromatograph, equipped with an autosampler and a flame ionization detector (Varian Associates, Inc., Sugar Land, TX). Myristic acid (Sigma Chemical Co., St. Louis, MO.) was used as an internal standard for fatty acids (method 994.10; AOAC 2000). Retention times were compared with fatty acid methyl ester standards.
Statistical analysis
The ADG, ADFI, and FGR were analyzed using the average of each stage of the growth with the general linear model (GLM) procedure of SAS (2002) and the statistical models indicated. Initial body weight was used as a covariate in the statistical analysis of the variables that required it. The means treatment comparison of the main factors effect was performed with the Tukey test or LSMEANS (P≤0.07).
RESULTS
Nursery phase
No interaction between the CLA and CP level was observed on the growth response and carcass characteristics variables ( 
Growing phase
There was no interaction (P>0.05) between the main factors (Table 4) . Reducing dietary CP from 16.0 to 11.5% decreased final BW, ADG and ADFI (P≤0.05), but not FGR (P>0.05). When CP was lowered from 16.0 to 14.5%, the FFLG was similar; however, when CP was reduced up to 11.5%, FFLG was 58 g d -1 (P≤0.05) and LMA was 419 mm 2 lower (P≤0.05) than in the pigs fed 16.0% CP. The BT and LMP were not affected by the dietary CP level (P>0.05). The PUN was 39% lower in the pigs fed 11.5% CP (P≤0.05). The CLA supplementation had no effect (P>0.05) on the analyzed variables.
Finishing phase
The reduction of CP level from 14.0 to 11.0% tended to diminish the LMA (P=0.07) and lowered PUN concentration (P≤0.05) (Table 5) . However, there was no effect of main factors or their interaction (P>0.05) on other variables in this stage of growth.
Whole fattening period
Because CLA was supplemented throughout the fattening period (nursery, growing and finishing stages) to the same pigs in each treatment, an overall statistical analysis was performed to detect the probable effects in the whole trial. This analysis (Table 6) * TRT = treatment; CP = crude protein; CLA = conjugated linoleic acid; SEM = standard error of the mean; BWi = initial body weight; BWf = final body weight; ADG = average daily gain; ADFI = average daily feed intake; FGR = feed: gain ratio; FFLG = fat free lean gain; BT = backfat thickness; LMA = longissimus muscle area; LMP = lean meat percentage; PUN = plasma urea nitrogen concentration. ** Treatment means adjusted by initial body weight as covariate (P≤0.05). ***CP 1,2,3 means level of CP (1=standard; 2=middle; 3=low).
Fatty acids concentration in meat
There was no effect of interaction between the CP×CLA level on the fatty acid profile, except for linoleic acid (P≤0.045; 
Longissimus muscle
The reduction of dietary CP lowered linolelaidic acid concentration ( a,b Means of main factors with different superscript differ (P≤0.05). *FAME's = fatty acid methyl esters; CP = crude protein; LPD = lowprotein diet; CLA = conjugated linoleic acid; SEM = standard error of the mean.
DISCUSSION
Growth performance
The reduction of average daily gain but not feed: gain ratio in the nursery pigs due to a higher reduction of CP as observed in the present study has also been earlier observed in the nursery pigs fed sorghum-soybean meal diet with 4% less protein (Hansen et al. 1993 ) and with cornsoybean meal diets with 4% (Kerr et al. 1995) or 5.0% (Le Bellego and Noblet 2002) less CP supplemented with crystalline amino acids. Reduction of CP by 1.5% during the growing phase did not affect the growth performance variables, but when CP was lowered from 16.0 to 11.5%, ADG and ADFI were diminished by 140 and 320 gd -1 , respectively. The reduction of ADG and ADFI could have been originated because a higher reduction would limit some AA such as isoleucine and valine, affecting negatively the response of the pigs (Figueroa et al. 2002) . This lower response of the pigs fed low-protein diets could also be due to the reduction of nitrogen for the synthesis of non-essential AA (Tuitoek et al. 1997; Heger et al. 1998) , because under adequate use of dietary protein, some of the essential AA could be partly metabolized and used for the synthesis of non-essential AA (Heger et al. 1998 ). However, with the proper supply of essential and non-essential AA, the maximum growth performance (Kerr et al. 2003; Shriver et al. 2003; Deng et al. 2007) in the pigs fed low-protein diets could be obtained. The reduction of the negative impact on the production variables in low protein diets through the supplementation with synthetic amino acids in finishing diets has been reported with a dietary CP reduction up to 4% (Kerr et al. 1995; Knowles et al. 1998; Kerr et al. 2003) . However, Figueroa et al. (2004) observed lower ADG and feed efficiency when dietary CP was reduced from 16 to 13% for 55-100 kg pigs (Tuitoek et al. 1997 ). In addition, FGR increased when CP was reduced (Kerr et al. 2003; Figueroa et al. 2004) , which could be due to the limiting amounts of isoleucine and valine when dietary CP was reduced by 4.0% or more, becoming marginal or deficient . CLA supplementation for the nursery and growing pigs did not improve the analyzed variables. It has been observed that the addition of 2% CLA increased the ADG by 5.0% and FGR by 7.0%, without affecting the ADFI (Bee 2001) . However, in another study, the addition of 1% CLA from a source with 60.0% of CLA for 49-113 kg did not improve the growth performance (Averette-Gatlin et al. 2002) or with 1.0 or 2.0% of CLA for the gilts (Martin et al. 2008a) , which was similar to results found in the present study. The growing-finishing pigs fed diets with low fat concentration had better response to CLA addition (Dugan et al. 2001) . However, fat concentration in the diets used in the present study was even lower than that by Dugan et al. (2001) , and still there were no significant differences due to the inclusion of CLA. Schinckel et al. (2000) also used 1.0% of CLA in the diets for gilts with different genetic potential during fattening period which did not change the growth performance.
Carcass characteristics
Feeding the pigs with low-protein (LPD) AAsupplemented diets increased the body energy retention in the growing pigs, resulting in higher carcass fat (Tuitoek et al. 1997) . This increment in energy retention as fat was observed when crude protein was reduced more than 3.0% in the diets for 100 kg pigs (Le Bellego et al. 2001) . There are reports stating that the body fat increases in the pigs fed LPD supplemented with AA (Kerr et al. 1995; Gómez et al. 2002) . In contrast, it has also been observed that the reduction of CP by 4% had similar effects on backfat thickness (Canh et al. 1998) , or when CP was reduced from 16.6 to 13.0% (Tuitoek et al. 1997) in the growing or finishing pig diets. These results were similar to the present findings in the growing and finishing stages, but not in nursery pigs. The FFLG and fat accumulation in the pigs did not change when CP was reduced by 4.0% (Kerr et al. 2003) . However, in another study, FFLG and LMA were reduced in the same proportion as CP was lowered in the growing gilts without affecting backfat thickness (Figueroa et al. 2002) . It also has been found that in spite of the reduction of LMA in the pigs fed low-protein diets, other carcass characteristics such as FFLG, backfat thickness, and lean meat percentage were not affected by the reduction of dietary protein (Kerr et al. 2003) . Other studies reported no difference on LMA in the pigs fed standard or LPD supplemented with AA (Kerr et al. 1995; Knowles et al. 1998 ). The present results showed a lower LMA during the nursery and growing phases due to the CP concentration, as was found in other investigation ). The inclusion of 0.5% of CLA in growingfinishing diets produced no change in lean meat percentage (LMP) and backfat thickness (Lauridsen et al. 2005) . In contrast, fat deposition was reduced by 31.0% with the addition of 1% CLA, and, consequently, the ratio fat: lean meat decreased with increasing amount of CLA. This low effect on the carcass traits in the pigs consuming CLA, found in this study has been reported by others with similar concentration (1.0%) and just an increase of 18.8% in marbling score in 49-113 kg pigs (Averette-Gatlin et al. 2002) . In addition, the lean meat deposition had a quadratic response to the dietary CLA concentration, finding the maximum response at 0.5% CLA for the finishing pigs (Ostrowska et al. 1999) . The LMA did not change by CLA concentration up to 2%; backfat thickness increased in the growing pigs fed 0.25 and 0.5% CLA compared with corn oil (Ramsay et al. 2001) . Hence, during this stage, adding CLA had no benefit and probably the positive effect on lipid accumulation was more noticeable in the finishing pigs. Furthermore, the addition of CLA in the diets would be acceptable if the cost of CLA in the diet could be covered by value-added carcass and better meat quality (better marbling, less fat, more firmness; Wiegand et al. 2001 ).The inclusion of 2.0% CLA did not affect the LMP and LMA in 70-106 kg pigs. The backfat thickness was lower in the pigs fed CLA than those fed linoleic acid or lard (Bee 2001) . In another study, supplementation of 1 or 2% CLA did not affect the carcass characteristics of finishing pigs fed ad libitum (Martin et al. 2008a) , or with 2% in the pigs restricted-fed (Migdal et al. 2004 ). The carcass of pigs fed up to 1.0% of CLA isomers during the growing-finishing phase showed lower subcutaneous fat; the LMA was reduced with CLA concentration higher than 0.5% with direct measurement, but it increased by the addition of the CLA when measured by ultrasound (ThielCooper et al. 2001) . In barrows, the addition of CLA isomers (1.5 or 3.0 g kg -1 ) during the period of rapid accumulation of fat (90-120 kg) reduced fat deposition and increased LMP (Su et al. 2006) . Hence, the period of CLA feeding was an important factor in the response of the pigs (Azain 2003) . In TBP pigs (TLRI Black Pig; a type of fat pig), fat content in the meat increased when the period of feeding the CLA was longer (Su et al. 2006) . Wiegand et al. (2002) reported that the inclusion of 0.75% of CLA isomers in 56-115 kg pigs increased the LMA and reduced backfat thickness; this effect was the same if the feeding period started at 28 kg. In 63.8-98.9 kg barrows with longer CLA intake time (3 vs. 6 weeks) in high concentration (4.0%), backfat decreased and LMA and intramuscular fat increased (Sun et al. 2004) . In the present study, the feeding period was longer than the above study without effect on the mentioned variables. This suggested that fatter pigs responded better to CLA treatment than the pigs with higher genetic potential for lean gain and lower backfat thickness (Azain 2003) . Despite this, CLA improved the carcass quality in genetically lean meat pigs by changing the fatty acid concentration and reducing backfat thickness, an effect that was a function of feeding time of CLA supplemented diet (Schinckel et al. 2000) .
Plasma urea nitrogen concentration
Reducing dietary crude protein reduced the linearly PUN concentration (Figueroa et al. 2002) , as was observed in this study during growingfinishing phase. A lower PUN concentration was also related to a lower metabolic heat production associated to the synthesis and excretion of urea from the dietary AA excess (Kerr et al. 2003) . The reduction of PUN in the pigs fed ideal protein diets compared with standard intact protein indicated that there was AA excess in the standard diets. In addition, pigs fed low-protein diets used more efficiently dietary protein than the pigs fed standard diets; those pigs retained similar amount of nitrogen than the pigs fed a standard diet if the reduction of crude protein was adequate (Shriver et al. 2003) . The fecal and urinary nitrogen excretion could be reduced by 10% for each percentage unit that crude protein was reduced (Shriver et al. 2003) . The urinary nitrogen excretion of pigs is linearly and positively related to PUN concentration. Hence, reducing the crude protein is an alternative to lower total nitrogen excretion and an indirect way to measure the amount of nitrogen retention and waste (Zervas and Zijlstra 2002) . Feeding LPD indirectly reduces the ammonia production due to the dietary nitrogen reduction (Canh et al. 1998; Hayes et al. 2004 ), but if the reduction of crude protein is not adequate, growth performance and carcass characteristics could be adversely affected. The dietary 1.0% CLA supplementation for growing pigs (Ramsay et al. 2001) or 0.75% for finishing (105-153 kg) pigs (Corino et al. 2008) did not affect the PUN concentration, as also was observed in the present study, indicating no effect on protein metabolism and that its function was directed to lipid metabolism.
Fatty acid profile in meat
The accumulation of CLA isomers in intramuscular fat of semimembranosus (SM) and longissimus muscle (LM), found had been previously reported mainly for LM (Migdal et al. 2004 ) and its concentration was related to the CLA level included in the diet (Ramsay et al. 2001; Joo et al. 2002) . The c9,t11 and c11,t9 are the main isomers accumulated in the muscle of pigs (Thiel-Cooper et al. 2001; Lauridsen et al. 2005; Martin et al. 2008b) . The change in the fatty acid composition due to CLA intake increases the proportion of saturated to unsaturated fatty acids in intramuscular fat. This can improve the water holding capacity in the meat due to lower content of linoleic acid (Joo et al. 2002) . However, the reduction of this fatty acid could adversely affect the nutritional quality of the meat (Teye et al. 2006) .
